An 8-year retrospective study of patients suffering a cen tral retinal vein occlusion (CRVO) was undertaken to study secondary new vessel formation and whether path ologies known to predispose to CRVO influenced the occurrence of these neovascular complications and their responsiveness to treatment. Seventy-three patients were studied. Ocular neovascularisation had occurred in 60% .
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More specifically 39% developed neovascular glaucoma.
Pan retinal photocoagulation produced regression in only 37% of those with established neovascularisation and was unsuccessful in preventing neovascularisation in five patients treated prophylactically. Patients with pre-exist ing primary open angle glaucoma (POAG) were statis tically more likely to develop ocular neovascularisation (p = 0.02), which was also less responsive to laser therapy (p = 0.02). Adequate prior glaucoma therapy did not pro tect against this enhanced complication rate. It was con cluded that POAG is a significant risk factor for developing ocular neovascularisation after CRVO which will be refractory to laser therapy.
Central retinal vein occlusions (CRVOs) are often com plicated by the development of ocular neovascularisation. Retinal hypoxia alters the balance of vasoproliferative and inhibitory growth factors in the eye, stimulating new vessel growth.! The anterior segment is most commonly affected with new vessel formation of the iris (rubeosis) and iridocorneal angle. Neovascular glaucoma (NVG) is diagnosed when this neovascularisation causes occlusion of the drainage angle resulting in a severe rise in intra ocular pressure and an inflamed, painful eye. Occasionally new vessel formation develops at the optic nerve head or more rarely the retina. 2 Recognising these complications and identifying those at risk is a major concern for the ophthalmologist man aging CRVO patients. Success at preventing or reversing new vessel formation has been reported3,4 if patients are treated early with panretinal photocoagulation. Not all Eye (1993) 7,520-524
CRVOs are complicated by neovascularisation and since retinal laser treatment is not without adverse effects, great efforts are usually expended on early identification of those who would benefit. However, this can be difficult, 5 . 6 and indeed the effectiveness of panretinal photocoagula tion has recently been questioned.? With these thoughts in mind we undertook a study to document the occurrence and outcome of neovascular complications in CRVO patients and their responsiveness to treatment, particularly panretinal photocoagulation. Also, to expedite future identification of those who will develop ocular neovas cularisation, we proposed to assess whether the presence of any of the pathologies thought to predispose to CRVO, such as diabetes, hypertension or primary open angle glau coma, influenced the likelihood of neovascular complica tions and their responsiveness to treatment.
METHODS
A retrospective study was undertaken of patients under the care of two consultant ophthalmologists who had pre sented with a CRVO between 1982 and 1990 (8 years). The list of patients was compiled from the Ophthalmic Casualty and Laser Treatment Registers, the Fluorescein Angiography Database and by the authors screening out patient records. Only patients with at least 2 years of docu mented follow-up were included. The diagnosis of CRVO had been based on a typical history of sudden loss of vision and clinical examination findings of widespread retinal haemorrhages in all four quadrants, venous engorgement and signs of retinal oedema or ischaemia. The diagnosis in most cases had been confirmed by fluorescein angiography.
The following information on patients was collated from the case notes:
1. Age and sex.
2. Past general medical history and the results of inves tigations performed at presentation to identify pathol ogies thought to be associated with CRVO.
3. Past ophthalmic history and details of ocular examin ation at the time of presentation with a CRVO and at subsequent visits. NVG had been diagnosed when anterior segment neovascularisation was associated with an intraocular pressure (lOP) above 40 mmHg causing a red, painful eye.
4.
Methodology of ocular treatment regimens used and their outcomes.
The diagnosis of pre-existing primary open angle glau coma (POAG) can be difficult in CRVO patients. A drop in lOP following a CRVO is well-documented;8 therefore, a 'normal' lOP in the affected eye would not exclude POAG. The cup/disc ratio and the appearance of the neuroretinal rim in the affected eye are not reliable indi cators since optic nerve head morphology is often masked by peripapillary haemorrhage and disc oedema. Field analysis in the affected eye would also be difficult to inter pret. Because POAG is commonly a bilateral condition9 we have inferred that its presence in the fellow eye is strongly suggestive of pre-existing POAG in the affected eye. Therefore a diagnosis of pre-existing POAG was made either if there was a clear past ophthalmic history of this, or if at presentation there was raised lOP, disc cup ping and visual field loss in the fellow eye which was not due to other ocular disease and which subsequently required glaucoma treatment. POAG patients were sub classified according to whether lOP was 'controlled' or 'uncontrolled'. Uncontrolled lOP was defined as lOP measurements above 21 mmHg on a number of occasions in the year preceding CRVO. Those whose pre-existing POAG was not diagnosed until presentation with a CRVO were included in the uncontrolled sub-group. An HGM modelS argon laser (Medical Laser Systems) on blue-green setting had been used for pametinal photo coagulation with either a Mainster or Goldmann 3 mirror contact lens. Patients had been offered pametinal photo coagulation if there was evidence of significant retinal ischaemia on fluorescein angiography, or if new vessels were found on clinical examination or angiography.2 The underlying philosophy of treatment had been to use as much power as necessary to obtain an adequate bum, treating as much retina as possible outside the macular region.
Statistical analysis was carried out using Statistical Analysis System (SAS), Release 6.03 (SAS Institute, Cary, NC) on an Olivetti PCS286 personal computer. Contingency tables, chi-squared statistics and Fisher's exact test (two-tailed) were carried out using the FREQ pro cedure. The effect of age on outcomes was assessed using TTEST. Logistic regression,1O to examine the influence of confounding variables in combination, was conducted using the LOGIST procedure.
RESULTS
Ninety-three cases of CRVO were identified for the study period. A full 2 years of documented follow-up was not available for 20 cases and these were excluded from further analysis. The remaining 73 patients comprised the final study population. The mean age was 71.2 years (range 30-87 years). Forty-two (58%) were female and 31 (42%) male. In 41 cases one pathology predisposing to CRVO was identified, in 9 individuals two predisposing pathologies were identified and in 6 patients three. "(hese included cases of POAG, ocular hypertension, diabetes mellitus, systemic hypertension, peripheral vascular or cardiac disease and hyperlipidaemia (Table I) .
Forty-four patients (60%) had developed ocular neo vascularisation diagnosed on the basis of clinical examin ation and fluorescein angiography. Seven patients had developed optic nerve head or retinal new vessels and 8 had developed rubeosis irides. NVG had been diagnosed in 29 (39%). In 12 cases NVG had been diagnosed at presentation. Table I documents the occurrence of ocular neovas cularisation with each predisposing pathology identified. Only the association of POAG with ocular neovascular isation was statistically significant (p = 0.01). Fig. I illus trates that most cases of neovascularisation in POAG patients had progressed to NVG. No association with patient age was found using Student's t-test (t = -0.9,
The diagnosis of pre-existing POAG had been made on the basis of an established past ophthalmic history in 15 cases and was diagnosed at presentation with a CRVO in 17. The POAG sub-group included 4 of the diabetics, 8 of the hypertensives and 6 of those suffering peripheral vas cular or cardiac disease who had been identified in the total study population. POAG patients had a mean age of 69.4 years (range 30-84 years). Logistic regression analy sis using a main effect model was performed to correct for the confounding influence of patient age and other pathol- ). The best model predicting neovas cularisation contained POAG only (sensitivity = 57%, specificity = 76%, correct prediction in 65% of cases).
The sub-group of 32 patients with pre-existing POAG was further divided according to whether their lOP was 'controlled' or 'uncontrolled' prior to their CRVO. Thir teen of 18 POAG patients with uncontrolled lOP devel oped ocular neovascularisation. This compared with 12 of 14 POAG patients with good lOP control who developed ocular neovascularisation. The difference in incidence of neovascu1arisation between POAG patients with uncon trolled or controlled lOP was not statistically significant (Fisher's exact test, p = 0.4).
Forty patients had undergone pametina1 photocoag ulation. All 5 who had been treated prophylactically sub sequently developed neovascularisation. A beneficial response to laser treatment, i.e. regression of ocular neo vascularisation as assessed by clinical examination, was seen in only 13 of the 35 with neovascularisation already present (37%). Regression was seen in only 5 of 22 neo vascular glaucoma cases (23%). Four patients with estab lished ocular neovascularisation had not undergone laser 
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treatment. Two had refused treatment and poor fundal view had precluded treatment in the other 2. Patient age and each pathology predisposing to CRVO were studied to determine whether they influenced the outcome of laser treatment (Table I) . A statistically signifi cant association was found between POAG and laser treat ment outcome (p = 0.02). An odds ratio of 7.14 (1.5-34.4) indicated that this association was with failure of regression with treatment. Fig. 2 illustrates this poorer response amongst POAG patients. A significant associ ation between a poor response to laser treatment and advancing age was also found (t = 2.8, p = 0.01). To avoid error from model overfitting,1O logistic regression was performed using these two significant variables only. This best model gave a sensitivity of 91 %, a specificity of 62% and a correct prediction of poor response in 80% of cases. Correcting for the influence of age, the independent influence of POAG on poor treatment outcome was still statistically significant (p = 0.02, beta = 2.14, odds ratio = 8.6; 95% confidence interval = 2.0-50.5). Table II docu ments that the pametinal photocoagulation regimens used in those with and without POAG were comparable.
Thirteen NVG patients had undergone lOP-controlling surgery which included 4 trabeculectomies (2 were suc cessful at lowering lOP), 8 cyclocryotherapies (2 success ful) and 1 single-plate Molteno tube insertion (unsuccessful at lowering lOP). Pre-existing POAG was not more prevalent amongst those whose surgery was unsuccessful (1 of 9). Table III documents the final visual acuities at 2 years of those with and without POAG. Most patients (including 17 NVG cases) had a final acuity of 'hand movements' or better. 'No perception of light' had been recorded for 12 patients. The difference in acuities at 2 years between those with and without POAG was not statistically signifi cant (chi-squared = 0.42, p = 0.81). Forty-three of 44 patients who had developed ocular neovascularisation had comfortable eyes (2 phthisical) at 2 years. Two NVG cases were comfortable at 2 years with just topical medical ther apy. One eye had been enucleated for intractable pain.
DISCUSSION
Great efforts were made to obtain all records of CRVO patients for the study period. Rapid onset of visual loss and/or widespread retinal pathology observed by the general practitioner or optician usually results in referral to a Casualty Department. During the study period it was established practice for all CRVO patients to undergo fluorescein angiography and to treat with pametinal photocoagulation any who had significant retinal ischae mia or established neovascularisation. Therefore by screening records from the Casualty Department, Flu orescein Angiography and Laser Treatment Registers and by reviewing out-patient records the authors doubt that many cases were missed. We conclude that our obser vations accurately reflect actual clinical experience and practice during the study period.
The incidences found in this study of ocular neovas- This was not found to be the case, however, perhaps sug gesting that this risk is not related to the level of lOP as such but to some other pathological process in the glauco matous eye. The results of laser treatment in our study population were generally poor. In particular, regression occurred in only 23% of NVG cases, which does not compare favour ably with the report by Brooks and Gillies3 of neovascular regression in about 60% of NVG cases. Our records docu ment that in individual cases as much treatment as technic ally possible had been given. However, treatment was often limited by media opacities and poor laser energy uptake by oedematous retina. We conclude that more laser therapy would not have been practical and thus not a solu tion to this poor responsiveness.
Of the variables studied, this poor responsiveness was significantly associated only with advancing patient age and POAG. Logistic regression showed that the associ ation between POAG and poor response was still significant even when the influence of advanced patient age was taken into account. Although there was much variation in the total amount of treatment applied, no appreciable difference was seen on comparing the treatment regimens used in the POAG sub-group with the rest of the study population; therefore, it seems unlikely that this poorer response was due to different treatment regimens .. An association between POAG and ocular hypoperfusion has been proposed13 which may enhance the ocular hypoxia produced in those who subsequently develop a CRVO. It is thought that the level of hypoxic drive determines not only whether new vessels will develop but also that higher levels lead to anterior rather than posterior segment neo vascularisation.14 This possibly explains not only why CRVO patients with pre-existing POAG develop new vessels more frequently, but also why they tend to progress to neovascular glaucoma. Pametinal photocoagulation is thought to work by reducing hypoxic load, altering the balance of proliferative and inhibitory factors in favour of neovascular regression.14 In the presence of POAG the hypoxic drive may be beyond that which can be dealt with by laser therapy. There has been controversy in the liter ature regarding the effectiveness of panretinal photocoag ulation at preventing or reversing ocular neovas cularisationY These studies have always grouped together all cases of neovascularisation after CRVO as the same pathological process. We have shown in this study that cases with pre-existing POAG are significantly less likely to respond to this treatment, suggesting a more aggressive pathology amongst this sub-group. This has not previously been taken into account and different pro portions of POAG patients in the various studies may in part explain the conflicting reports on effectiveness.
It has been said that CRVO patients who develop neo vascular complications, specifically NVG, often have blind, painful eyes which require retrobulbar alcohol or enucleation. 1 5 This was not found to be the case in this study. Only 12 patients had acuities recorded as worse than 'hand movements' at 2 years; thus most retain some navigable vision. Also, only one eye required enucleation for pain. All other patients, including 28 NVG cases, remained comfortable with a combination of medical, laser or surgical treatment, suggesting that prognosis in NVG secondary to CRVO is better than previously thought.
In conclusion, we confirm that ocular neovascularisa tion is a common sequela of CRVO and find that this com plication responds poorly to pametinal photocoagulation. However, most of those affected retain comfortable eyes with some useful vision. In the presence of pre-existing POAG, a CRVO is significantly more likely to develop ocular neovascularisation and NVG, which in tum will be less likely to respond to conventional pametinal photo coagulation. This enhanced complication rate is not reduced by adequate prior treatment of lOP. Poor respon siveness to laser treatment is also related to advancing age.
